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PP<^n?Tp-noN 

The present invention relates to a process for producing a fractionated film 
forming novolak resin with good lithographic performance in Ught sensitive 
photoresist compositions, and for using such a novolak resin in such light- 
sensitive compositions. The present invention also relates to a process for 
fractionating novolak resin by continuous liquid/liquid extraction utilizing a 
liquidAiquid centrifuge and using such a fractionated resin for making a high 
quality light-sensitive positive-working photoresist composition. Further, the 
presem invention relates to a process for coating substrates with these hght- 
sensitive compositions, as well as the process of coating, imaging and developmg 
these light-sensitive mixtures on such substrates. 

Photoresist compositions are used in microlithography processes for 
n^aking miniaturized electronic components, such as in the fabrication of 
computer chips and integrated circuits. Generally, in these processes, a thm 
coating of a film of a photoresist composition is first applied to a substrate 
n^aterial. such as silicon wafers used for making integrated circuits. The coated 
substrate is then baked to evaporate any solvent in the photoresist composmon and 
to fix the coating onto the substrate. The baked coated surface of the substrate is 
next subjected to an image-wise exposure to radiation. 

This radiation exposure causes a chemical transformation in the exposed 
areas of the coated surface. Visible light, ultraviolet (UV) Ught, electron beam 
and X-ray radiant energy are radiation types commonly used today m 
microlithographic processes. After this image-wise exposure, the coated substrate 
is treated with a developer solution to dissolve and remove either the radiation- 
exposed or the unexposed areas of the coated surface of the substrate. 

Novolak resins are frequently used as the polymeric binder in liquid 
photoresist fomiulations. These resins are typically produced by loinning a 
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condensation reaction between formaldehyde and one or more multi-substituted 
phenols, in the presence of an acid catalyst, such as oxalic acid, maleic acid, or 
maleic anhydride. In producing sophisticated semiconductor devices, it has 
become increasingly important to provide a fibn forming novolak resin of superior 
quality in terms of dissolution rate, better binding properties with a 
diazonaphthoquinone, and heat resistance. 

There are two types of photoresist compositions, negative-working and 
positive-working. When negative-working photoresist compositions are exposed 
image-wise to radiation, the areas of the resist composition exposed to the 
radiation become less soluble to a developer solution (e.g. a cross-linking reaction 
occurs) while the unexposed areas of the photoresist coating remain relatively 
soluble to such a solution. Thus, treatment of an exposed negative-working resist 
with a developer causes removal of the non-exposed areas of the photoresist 
coating and the creation of a negative image in the coating thereby uncovering a 
desired portion of the underlying sub strate surface on which the photoresist 
composition was deposited. 

On the other hand, when positive-working photoresist compositions are 
exposed image-wise to radiation, those areas of the photoresist composition 
exposed to the radiation become more soluble to the developer solution (e.g. a 
rearrangement reaction occurs) while those areas not exposed remain relatively 
insoluble to the developer solution. Thus, treatment of an exposed positive- 
working photoresist with the developer causes removal of the exposed areas of the 
coating and the creation of a positive image in the photoresist coating. Again, a 
desired portion of the underiying substrate surface is uncovered. 

After this development operation, the now partially unprotected substrate 
may be treated with a substrate-etchant solution or plasma gases and the like. The 
etchant solution or plasma gases etch that portion of the substrate where the 
photoresist coating was removed during development. The areas of the substrate 
where the photoresist coating still remains are protected and, thus, an etched 
pattern is created in the substrate material which corresponds to the photomask 
used for the image-wise exposure of the radiation. Later, the remaining areas of 
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phcoreds. coating n»y be removed during a suipping operation, leaving » 
„,ean euhed s„b..n.e surface. In some i„s«nees, is desirable u, hea. «ea. .he 
^aimng photoresist layer, after the development step and before the etchtng 
step, to increase its adhesion to the underlying substntte and its resistance ,o 

etching solutions. 

Positive working pho«.resis, compositions are cwrently favored over 
negative working resists because the f<»mer generally have bener resolufon 
capabilities and pa«em transfer characteristics. Photoresist r^olution is defmM 
0,e smallest fea»re which the resist composition can transfer from the 
photomask ,0 the substnte with a high degree of image edge acuity after exposure 
. ,„d development. In many manufacturing applications today, resist resoluuon on 
.He order of less than one micron are necessa^. In addition, it is almost always 
desirable tha, the developed photoresist wall profles be near vertical relanve to 
.he substrate. Such demarcations between developed and undeveloped areas of 
.he resist coating translate into accurate pattern transfer of the mask image onto 
the substrate. 

rr'i^Fn'TinN of tht' totor ari 

. - ,n the r«ent years there has been significant progress in novolak resm 
synthesis and ftactionation. I. has been reporied that under vigorous synthettc 
condUions the structure of novolak resin changes, especially when htg^ 
concentration of acid catalyst and high temperature .s used, « ^ 

..Rearrangement of Novolak Resin", presented at SPB conference, 1994; Khadtm 
c, al "The Nature and Degree of Substi»nion Pahems in Novolaks by Carbon-13 
NMR Spectroscopy, presented a. SPIE conference. 1993. h, a typical «.volak 
^uon. a reactor is charged with phenolic compounds, an acid catalyst such as 
oxalic acid, maleic acid, p-toluene sulphonic acid or any mineral acid, and h^ed 
,0 about 95 to lOO-C. Formalddryde is slowly added and flte mixhtre is heated at 
rfux for about 6 hours. At the end of the condensation period, the reactor 
converied to distiUarion. and fl« temperature is raised to about 200-C. A. thts 
pom. vacuum is slowly d^wn. the temperanrre is raised to about 22«, and the 
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pressure is reduced to below about 20 mm Hg. After the volatiles have been 
distilled off, the vacuum is released and the molten resin collected and allowed to 
cool. During the course of the above resin synthesis sequence, samples were 
taken at various temperatures and inspected by GPC (Gel Permeation 
5 Chromatography). It was found that there was a decrease of the weight average 

molecular weight (all molecular weights are weight average unless otherwise 
specified) of the polymer, especially in the temperature range between about 160- 
190**C (Rahman et al, "The Effect of Lewis Bases on the Molecular Weight of 
Novolak Resins", presented at Ellenville Conference, 1994). The molecular 

10 weight decrease (partial depolymerization) was not observed imless the phenolic 

compounds are extremely pure. If the phenolic compounds contain a trace amount 
of a Lewis Base, such as a nitrogen base, the molecular weight decrease during the 
distillation process was not observed. In U.S. Patent No. 5,476,750, assigned to 
the same assignee as the subject application and incorporated herein by reference, 

15 - an improved process is disclosed to control molecular weight (avoid substantial 

--^ ^ depolymerization) by adjusting the amount of Lewis Base in the phenolic 
compounds before or after the condensation reaction. It was disclosed that during 
the purification process of such phenolic compounds using an ion exchange resin, 
distillation, and/or a solvent extraction process, to remove metal ions, the minor 

20 amount of Lewis Base present was also removed. Due to the absence of this base, 

the novolak resin was partially depolymerized during the manufacturing process, 
' The physical properties of the depolymerized resin changed due to degradation, 
and it was not usefiil for photoresist compositions. This problem can be 
substantially avoided by adjusting the level of Lewis Base before or after the 

25 condensation step of the novolak resin manufacturing process. 

In U.S. Patent No. 5,750,632 (based on patent application Serial No. 
366,634, filed on December 30,. 1994), assigned to the same assignee as the 
subject application and incorporated herein by reference, an improved process is 
disclosed for isolating a novolak resin at a temperature less than about 140°C by 

30 using subsurface forced steam distillation to avoid high temperature molecular 

weight breakdown of the resin. (Rahman et al, "Isolation of Novolak Resin at Low 
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T«np»n.e", presemed a. SPIE Co« ,996). >. is ^".n a 
fonning novo,* resin can be made by the condensation action of a nnxtute of 
phenoHc monome. with an a,deh,de source. Such novoiak resin syn,hes,s 
processes are disCosed in U.S. Paten, No. 5^46.799. incon,orated he^n, by 

5 reference. 

The present novolak resin f^actionaUon/separation process rsolates novo,ak 
^sinfracdons son, tbepheno,fonna,dehydeconde.sa,ionprodnct using seleeuve 

,0 distribution between i—e liquids in a ,i,uid/,i,uid eentri«.ge. Ue present 

process is an effective way of continuously or se™i^ntinu„us,y .so,at,ng 

,S.,i„»ting and then separating, nov„,a. resin ftacUons with most of Jhe 

u„desirab,e iower mo,ecu,ar weigh, materials removed. ,t avoids mu„.p,e htgh 
.e^perature dis,i„a,ions, which can ,ead to pa«ia, depo,ymeri^,.on of the 

1 s novolak. 

This oa« be accompBshed by dissoiving the novolak res,n m a water 

.,„b,e organic pCar solvent such as aee.one, dime,hy,fo,mamide (DMF), 
dimethyisulfoxide (DMS). tetrahydrofuran (THF), ethylene glycol or a C,^„ 
preferably C,-C.. a,M alcohol, such as ethanol. propanol or preferably methanol, 
,0 Ixed with a typical resi« solvent such as propylene glycol methy ether 
p^pylene glycol methy, ether aceUte (PGMEA), 2-heptanone (methyl ar^l 
Lone, or ethy, , acute (EL). This so,ution comprises flte resm ,ayer (A), 
mother solvent chosen Som one or more Q-C. aB^es (such as h«ane or 
heptane,, water, or one or more aromatic hydrocarbon solvents such as benz^e, 
25 toluene, or xylenol or other C,-C, aM ben--, comprises the solvent layer (B)^ 

Solutions (A) and (B) are each fed, either: ,) together as . mixn^ -hm"^ 
one irde, feed. 2) together without being prc-mixed thn.ugh one inlet or 3) 
^arateiy through two differen. inlet feeds, into a liquidAiquid cenBifi>ge (such as 
one available from ONC. Inc.. Carson City, Nevada), wh^ two immtsctble 
,0 liquid layers are initially formed. The heavier or bottom layer contains .he htgb 

n,olec»,ar weigh, (from about 20% to about ,00% greater than .hat of the sta,«n, 



wo 00/33137 



PCT/EP99/08391 



-6- 



novolak resin) fraction and the lighter layer contains a mixture of solvents and the 
lower molecular weight resin fractions (removed from the total distribution of 
molecular weight) was obtained. The lighter or top layer separates into 2 separate 
layers, in addition to the heavy layer that has already been formed. However, the 
force of the revolving centrifuge keeps these 2 distinct layers intermixed until they 
exit from the centifruge and are allowed to separate. The upper layer of this new 
lighter 2-layer mixture contains primarily the Cj-Cj alkane, water or aromatic 
hydrocarbon solvent with a very small amoimt of the organic polar solvent and the 
photoresist solvent, while the lower layer contained higher levels of the organic 
polar solvent and photoresist solvent, along with about 10-90%, normally 10-30%, 
by weight of the novolak resin comprised of low molecular weight oligomers 
(generally in the range of from about 5% to 40% of the molecular weight of the 
original resin). 

The heavier layer or bottom layer and the lighter layer that separates into 
two phases are each removed from the centriftige through separate outlets. Either 
the level of these two outlets may be adjusted or the pressure required to feed 
liquid through each of the two inlets may be adjusted. By adjusting the inlet feed 
solutions and maintaining fresh supplies of both the resin in photoresist solvent 
with organic water soluble solvent and the Ci-Cg alkane, water or aromatic 
hydrocarbon solvent, a substantially continuous process is possible. 

Subsequent concentration of the heaviest liquid resin layer, such as by 
distillation of the lower boiling solvents, isolates a fractionated novolak resin 
solution in the photoresist solvent. This resin solution can then be used directly in 
the preparation of a photoresist formulation, without the need for more time- 
consuming isolation steps that could seriously affect the overall molecular weight 
distribution and polydispersity (Weight Average Molecular Weight/Number 
Average Molecular weight) of the novolak resin. 

The ratio of the resin layer (A) to solvent layer (B) is normally different 
for each novolak resin system comprised of the 3 types of solvents and the 
novolak resin, if the molecular weight or molecular weight distribution of the 
starting material is different. Practical limits for the water soluble organic polar 



10 



PCT/EP99/08391 

WO 00/33137 

-7- 

3„,.e„. w« dim-ed by .he nece^ fonn^ion of discree. immiscible ,ay«.. 
P„r«.amp.e,.heradoofpho.o.ds.so,«„.,c.8.BL.,oorg™cpo,arsolvcn^^^^^^ 

MeOH «a. 60m abou. 10/90 » abou, 70/30, preferably fiom abou. 30/70 
3b„„. 60/40, and >be ra.io of *= resin layer (A) solution ,0 *e Q-C. all^e, „a.er 
„ aromaUc solven. Uyer (B) is ^ abou. 5/1 .0 abou. 0.5/1, preferably ^ 
^ 2/1 .0 abou. 1/0.75. Tl-ese raUos define ,he mos. useful ranges where 
efficienl separaiion occurs. 

The typical pho.oresis, sohen. u,ili^ in *= process of *e presen, 
i„ven.io„ may comprise propylene gly^l me^yl e.her aceu.c, 3.me.hoxy^- 
.efltyl b^anol, 2-hep«none (mChy, amy. .clone), eftylene glycol monomChy, 
ether, chylene glycol monoe*yl eOter, die*ylene glycol monoe.hyl eUter, 
«Me»« 6.yco. »"oe,hyl eOrer aceule, chylene gly^l monomeOty, ac.»e 
„eU,y, e.hy. .e,one or a nronooxymonocarboxylic acid es.er, such as me* 
»y.ceu,e, ethy, oxyaceUte. butyl oxyaceUte, methyl methoxyaceute, «hy. 
methoxyaoeute, butyl methoxyacetate, methyl ethoxyacetate, eOty, e^oxyace a e 
ethoxy edtyl propionate, methyl 3-oxypr„piona.e, eUty. 3.xyp,opiona.c meU,y 
3-memoxypropion..e, e.hy. 3-me,hoxypropiona.e, nteUtyl 2-oxyprop.ona e e.h 1 
2.„xypropiona.e, e*yl 2-hydrox,propiona.e (eUty. .acate), ethyl 3- 
Mroxypropionate. propyl 2.oxypropionat., methyl 2.e,hoxypropio„a,e, or 
, p^pyia-methoxypropionatcormixturesofoneormoreoffltesesolvenu. 

The presen. invention rela,es .0 a process for continuously ftaettonaUng 
separating a f,hn fonning novolak resin. The fmal fractionated and sepa^.ed 
ncvolak resin is dissolved in one essentially pure photoresist solvent, and ts 
substantially f^e fiom. lower molecular weight isomers and unrooted starttng 
5 mateHaU. ad'diUon. the isolated novolalc resin solution can then be eastly us«. 
«,hou, the need for additional time consuming and costiy isolation steps. Tbe 
^volak resin solution usehtl for formulation into photoresist formulations can be 
completed by remo^ng «.e small amounts of lower boiling solvents presen, such 
as by simply distilling off, until dte solvent remaining is substantially the pure 
,0 photoresist solvent of choice. Additional isolation steps that were commonly 
needed have been shown ,0 cause rearrang^nent and unacceptable increases m 
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overall resin polydispersity. The resins of the present invention show good 
lithographic performance in light-sensitive photoresist compositions. The 
invention also relates to a process for producing such a photoresist composition 
containing such a novolak resin. The invention further relates to a process for 
producing semiconductor devices using such photoresists containing such a 
novolak resin, photoresist solvent(s), and a photosensitizer. 

Film forming novolak resins having substantially consistent molecular 
weight (no substantial depolymerization) and relatively low polydispersity lend 
themselves to superior lithographic performance when incorporated into 
photoresist compositions. The resins themselves may be obtained by condensing 
a formaldehyde with one or more phenolic compounds, such as m-cresol, p-cresol, 
-^__2.4- and 2,5-dimethylphenol, 3,5-dimethylphenol, 2,3,5-trimethylphenol, or 
mixtures thereof. The condensation reaction is preferably carried out in the 
presence of an acid catalyst, such as oxalic acid, maleic acid, maleic anhydride, p- 
toluene-sulphonic acid or sulfuric acid. 

The present invention provides a process for producing a film forming 
novolak resin, which process comprises: 

a) condensing (reacting) formaldehyde, para formaldehyde or formalin with 
one or more phenolic compounds, in the presence of an acid catalyst and 
thereby producing a novolak resin; 

b) adding a water soluble organic polar solvent and a photoresist solvent, 
such as propylene glycol methyl ether acetate, 2-heptanone or ethyl lactate, 
to the novolak resin reaction mixture from step a), at a ratio of photoresist 
solvent to water soluble organic polar solvent of from about 10/90 to 
70/30, preferably from about 30/70 to 60/40; 

c) feeding the mixture from step b) into a liquid/liquid centrifuge at a feed 
rate of from about 0.01 to 100 gallons per minute (galimin.) and at a 
temperature of from about O^'C up to a maximum temperature that is less 
than the boiling point of the lower boiling solvent in the mixture from step 
b), preferably up to about 10°C less than said boiling point, most 
preferably up to about 20°C less than said boiling point, and feeding a 
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d) 



e) 

20 



substantially pure Q-C. alkane. water or aromatic hydrocarbon solver^t 
into a separate liquidAiquid centrifuge inlet port at a feed rate of from 
about 0.01 to 100 gaUmin.. at a ratio of water soluble organic polar 
solvent/photoresist solvent from step b) to Q-C. alkane. water or aromattc 
solvent, of from about 5:1 to about 0.5:1, preferably from about 2:1 to 
about 1:0.75; 

rotating the liquidAiquid centrifuge containing the mixture from step c) at 
an rpm (revolutions per minute) of at least 500 rpm. preferably from about 
500 to about 50.000 rpm. most preferably from about 1,000 to about 
30 000 rpm. and thereby separating and collecting a two-phase system, 
from 2 separate outlet ports into two containers, wherein the heavier phase 
(H) contains the higher molecular weight novolak resin fraction, m the 
water soluble organic polar solvent and the photoresist solvent w.th a 
n.inor amount (less than 5% by weight) of the C.-C. alkane. water or 
aromatic hydrocarbon solvent, and the lighter phase (L) contains: 1) the 
lower molecular weight novolak resin fraction. 2) C,-C, alkane. water or . 
aromatic hydrocarbon solvent. 3) water soluble organic polar solvent, and 
4) photoresist solvent; 

as the lighter phase (L) of the t.vo-phase system of step d) is collected U 
n,ay separate into two phases, the hghter of these two second phases 
containing the Q-C. alkane. water or the aromatic hydrocarbon solvent 
and a minor amount (less than 5% by weight) of the water soluble orgamc 
polar solvent and about 15-20% of the photoresist solvent, the heavier of 
these two second phases containing low molecular weight novolak 
oligomers and unreacted phenolic compounds, dissolved in the water 
soluble organic polar solvent and the photoresist solvent with about 10- 
1 5% of the CrC, alkane. water or aromatic hydrocarbon; 
substantially removing the residual C.C.. water or aromatic hydrocarbon 
solvent from the heavier phase (H) from step d), such as distilling the 
heavier phase (H), and leaving the novolak resin in the photoresist solvent. 
The resin solution may then be used upon demand for the preparation of 
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photoresists. The distillation is earned out at a temperature below the 
boiling point of the photoresist solvent, preferably at a temperature of from 
about 40'C. to about 100°C., at a pressure from about 20 nun of mercury to 
about 760 mm of mercury for from about 10 minutes to about 30 minutes; 
and, optionally; 

adding additional photoresist solvent and continuing distillation until the 
desired concentration of the novolak resin in substantially pure photoresist 
solvent is obtained. 

The present invention further provides a process for producing a positive 
photoresist composition having superior lithographic performance. The subject 
process comprises: providing an admixture of: 1) a photosensitive component in 
an amount sufficient to photosensitize a photoresist composition; 2) the film 
forming novolak resin solution produced by the above-described process of the 

15 present invention and 3) additional photoresist solvent; as needed to produce the 

desired formulation, and thereby forming a" light-sensitive photoresist 
composition. 

The invention further provides a method for producing a semiconductor 
device by producing a photo-image on a substrate by coating a suitable substrate 
20 with a positive working photoresist composition. The subject process comprises: 

a) coating a suitable substrate with a photoresist composition produced by the 
above-described process containing a novolak resm produced by the 
above-described process of the present invention; 

b) heat treating the coated substrate of step a) until substantially all of the 
25 photoresist solvent is removed; image-wise exposing the photosensitive 

composition and removing the image-wise exposed areas of such 
composition with a suitable developer, such as an aqueous alkaline 
developer. Optionally one may also perform a baking of the substrate 
either immediately before or after the removing step. 

30 
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Novolak resins have been commonly used in the art of photoresist 
^manufacture as exemplified by "Chemistry and Application of Phenolic Resms". 
Knop A. And Scheib. W, Springer Verlag. New York, 1979 in Chapter 4. 
Similarly, o-quinone diazides are well known to the skilled artisan as 
demonstrated by "Light Sensitive Systems". Kosar. J.; John Wiley & Sons. New 
York. 1965 Chapter 7.4. However, the instant invention has found that the use of 
particular resins isolated by separation of fractionated resins in the heaviest layer 
of a 2 or 3 layer separation, using a high shear liquidAiquid centrifuge, provides 
comparable or better lithographic performance at a fraction of the time required 
with traditional isolation processes. The instant invention shows that using such a 
,emi-contmuous fractionation and separation, useful novolak resins can be made 
for photoresists. 

Optional ingredi«.<s for the photoresist compositions of the present 
invention include colorants, dyes, anti-stnation agents, leveling agents, 
■ -plasticizers. adhesion promoters, speed enhancers, solvents and such surfactants as 

. „„„.i„„ic surfactants, which may be added to the solution of novolak resm, 
sensitizer and solvent before the photoresist composition is coated onto a 
substrate. Examples of dye additives .hat may be used together wiU, *e 
,„ photoresist compositions of the present invention include Methyl Violet 2B^ 

No 4253S) crystal Violet (C.l. 42555). Malachite Green (CI. No. 42000), 
Victoria Blue B (CI. No. 44045) and Neutral Red (CI. No. 50040) a. one to ten 
percent weigh, levels, based on the combin^J weigh, of novolak and sensttt^. 
The dye addt.ives help provide increased resolution by inhibiting back sca.U=rmg 

25 oflight off the substrate. 

Anti-striation agents may be used a. up .0 abou. a five percent waght 
level based on Ure combined weigh, of novolak and sensiti«r. Plasticizers whrch 
„„;he used include, for example, phosphoric acid tri-(b.u-chloroeU,yl>ester, 
stearic acid; dicamphon polypropylene; acetal resins; phenoxy resins; and alky 

30 resim, at about one to .en percent weigh. leveU. based on Ure combined weight o 

novolak and sensitizer. The plasticizer additives improve the coating propemes of 
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the material and enable the application of a film that is smooth and of imiform 
thickness to the substrate. 

Adhesion promoters which may be used include, for example, beta-(3,4- 
epoxy-cyclohexyl)-ethyltrimethoxysilane;p-methyl-disilane-methylmethacrylate; 

vinyl trichlorosilane; and gamma-amino-propyl triethoxysilane. up to about a 4 
percent weight level, based on the combined weight of novolak and sensitizer. 
Development speed enhancers that may be used include, for example, picric acid, 
nicotinic acid or nitrocinnamic acid up to about a 20 percent weight level, based 
on the combined weight of novolak and sensitizer. These enhancers tend to 
increase the solubility of the photoresist coating in both the exposed and 
unexposed areas, and thus they are used in applications when speed of 
development is the overriding consideration even though some degree of contrast 
may be sacrificed; i.e., while the exposed areas of the photoresist coating will be 
dissolved more quickly by the developer, the speed enhances will also cause a 
larger loss of photoresist coating from the unexposed areas. 

The solvents may be present in the overall composition in an amount of up 
to 95% by weight of the solids in the composition. Solvents, of course are 
substantially removed after coating of the photoresist solution on a substrate and 
subsequent drying. Non-ionic surfactants that may be used include, for example, 
nonylphenoxy poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about 
1 0% weight levels, based on the combined weight of novolak and sensitizer. 

The prepared photoresist solution, can be applied to a substrate by any 
conventional method used in the photoresist art, including dipping, spraying, 
whirling and spin coating. When spin coating, for example, the resistsolution can 
be adjusted with respect to the percentage of solids content, in order to provide 
coating of the desired thickness, given the type of spinning equipment utilized and 
the amount of time allowed for the spinning process. Suitable substrates include 
silicon, aluminum, polymeric resins, silicon dioxide, doped siUcon dioxide, silicon 
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; 
gallium arsenide and other such Group UW compounds. 
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The photoresist coatings produced by the described procedure are 
particularly suitable for application to thennally grown siUcon/silicon d>o»de- 
coated wafers, such as are utilized in the production of microprocessors and other 
miniaturized integrated circuit components. An aluminum/aluminum oxide wafer 
can also be used. The substrate may also comprise various polymenc resms. 
especially transparent polymers such as polyester. The substrate may have an 
adhesion promoted layer of a suitable composition, such as one contammg hexa- 
alkyl disilazane, preferably hexamethyl disilazane (HMDS). 

The photoresist composition solution is then coated onto the substrate, and 
the substrate is treated at a temperature from about 70»C to about 1 1 QOC for from 
about 30 seconds to about 180 seconds on a hot plate or for from about 15 to 
about 90 mmutes m a convection oven. This temperature treatment is selected m 
order to reduce the concentration of residual solvents in the photoresist, whxle not 
causing substantial thermal degradation of the photosensitizer. In general, one 
desires to minimize the concentration of solvents and this fn.t ^emperature 
treatment is conducted until substantially all of the solvents have evaporated and a 
thin coatmg of photoresist composition, on the order of one micron in thickness, 
remains on the substrate. In a preferred embodiment the temperature is from 
about 850C to about 950C. The treatment is conducted until the rate of change of 
solvent removal becomes relatively insignificant. The temperature and time 
selection depends on the photoresist properties desired by the user, as well as. the 
equipment used and commercially desired coating times, m coated substrate can 

then be exposed to actinic radiation, e.g., ultraviolet radiatioi. at a wavelength of 
from about 300 nm to about 450 nm. x-ray. electron beam, ion beam or laser 
radiation, in any desired pattern, produced by use of suitable masks, negatives, 

stencils, templates, etc. 

The photoresist is then optionally subjec»»l u> a post exposure secorrf 
haMns or hea, treatment, either before cr afte. development. The heatmg 
.emperat^-es may range from about 90OC ,o about UOOC, more p^ferabj, from 
about 100°C to about 1 lOOC. the heating may be condueted for from about 30 
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seconds to about 2 minutes, more preferably from about 60 seconds to about 90 
seconds on a hot plate or about 30 to about 45 minutes by convection oven. 

The exposed photoresist-coated substrates are developed to remove the 
image-vvdse exposed areas by immersion in an alkaline developing solution or 
5 developed by a spray development process. The solution is preferably agitated, 

for example, by nitrogen burst agitation. The substrates are allowed to remain in 
the developer until all, or substantially all, of the photoresist coating has dissolved 
from the exposed areas. Developers may include aqueous solutions of- ammonium 
or alkali metal hydroxides. One preferred hydroxide is tetramethyl anmionium 

1 0 hydroxide. After removal of the coated wafers from the developing solution, one 

_ ^ may conduct an optional post-development heat treatment or bake to increase the 

. -coating's adhesion and chemical resistance to etching solutions and other 
substances. The post-development heat treatment can comprise the oven baking 
of the coating and substrate below the coating's softening point. In industrial 

15 applications, particularly in the manufacture of microcircuitry units on 

silicon/silicon dioxide-type substrates, the developed substrates may be treated 
with a buffered, hydrofluoric acid base etching solution. The photoresist 
compositions of the present invention are resistant to acid-base etching solutions 
and provide effective protection for the unexposed photoresist-coating areas of the 

20 substrate. 

The following specific examples will provide detailed illustrations of the 
methods of producing and utilizing compositions of the present invention. These 
examples are not intended, however, to limit or restrict the scope of the invention 
25 in any way and should not be construed as providing conditions, parameters or 

values which must be utilized exclusively in order to practice the present 
invention. Unless otherwise specified, all parts and percents are by weight, all 
temperatures are in degrees Centigrade, and all molecular weights are weight 
average molecular weight. 

30 ' 
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Novolak resin A was synthesized by condensing formaldehyde with a 
n^ixture of 55% xneta-cresol and 45% para-cresol at a raUo of 0.7 mole of 
fonnaldehyde to 1 mole of total cresols (meta cresol plus para cresol). The 

5 reaction was run with oxalic acid catalyst. After reacting the mixture for about 

hrs at about 90-95°C. the mixture was distilled at a temperature up to about 
200OC and then at 200»C with 25-30 mm Hg vacuum, to substantially remove 
unreacted cresols. The molten novolak resin was poured into a crysUllizing drsh 
and allowed to cool. The solidified resin was broken up and powdered by 

10 grinding the resin with a mortar and pestle. 

Examp)e.2. 

Novolak resin. pr>ducod according .o .he procedure of example I. was 
dissolved in PGMEA .0 make a 30% solids sotarion. This novolak resin solnfon 
,S was dil«ed .0 20% solids by adding MeOH. so iha. *e fnal solvent compos,uon_ 

- - was 58% PGMEA and 42% M.OH. This solution was us«l as one of .wo mlet 
fe«l s^ams for a CINC™ model V2 liquid/liquid centtiffge. The other inlet feed 
sueam was hexane. The pump speeds for each inle. stteam had separate controls. 
Tdals were run with a range of tentpera.ures fiom 0-55»C, eentifhrge rotor rpm of 
,0 fbm 1500-5000 (equaUng .» g forces between .00 and 800, n^ectively) and 

inle, feed ratios (and corresponding outlet feed ratios) of 6om about 3 parts of Are 
novolak resin soluUon .0 about 0.5 parts of the C,-C. alkane or aromauc 
bydrooarbon to about 0.5 parts of the novolak resin solution to about 2 parts of 
C -C. alkane or hydrocarbon solvent. Acceptable ranges varied for each polymer 
„ aid wete d,cta«d by having an obs^vable separation into distinct, immisctble 

phases A screening design showed that the feed ratio and tempen»re also had an 
effec. on the M« (weight average molecular weigh.) and DR (dissoMon rate) of 
the fmal hcUona.ed and separated novolak resin. Table . below shows the 
condiSons used, the Mw detemuned by OPC and the DR tor the final ptoduC^ 
30 The experiments, the results of wUch are set for* in Table I below, danons«.ed 
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that the present method effectively fractionated and separated a novolak resin in a 
process that lends itself to a continuous or semi-continuous mode. 

Comparative DRs were run in AZ® 300 MBF tetramethyl ammonium 
hydroxide developer (available from AZ Electronic Materials, Clariant 

5 Corporation, Somerville, NJ) comparing a sample of unfractionated novolak resin 

dissolved in PGMEA to the novolak resin solution obtained from the heaviest 
phase of the 3-phase separation. The DR measurement was run on a Xmix™ 
Model 2200 Process Monitor. Silicon wafers, primed with hexamethyldisilizane 
(HMDS), were coated with 28% solids novolak resin solution at 110°C. for 60 

10 seconds at a spin speed appropriate to give a coated film thickness of 1.60 ± 0.1 

micrometers, as measured on a Nano™ 215 device using the 5 point 4-inch wafer 
program. A wafer was attached to the Xinix™ probe and was immersed in a bath 
of AZ® 300 MIF developer until the resin was removed. Two wafers were mn 
and averaged to obtain the DR as measured in Angstroms/ second (A/sec.). 

15-- - Whereas the unfractionated resin had a DR of about 200 A/sec, the fractionated 
- material had a DR of about 60 A/sec to 90 A/sec. Weight average molecular 
weights (Mw) measured by gel permeation chromatography (GPC) showed that 
the fractionated resin had a Mw of about 9,500-12,000 whereas the unfractionated 
resin had a Mw of about 7,500. 
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5000 
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0.5 



9917 



9941 



9046 
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960r 



25 



3500 



25 



1000 



55 



25 
25" 



3500 
1000 

looo" 
looo' 



3500 



3500 



55 



5000 



0.5 

oJ 



0.5 



1000 



9536 



10069 



pp , Mw/Mn 



5.1 



5.4 



5.1 

IF 



5.1 



5.0 



10002 

8788 

9846" 

ToitT 



5.0 

sT 

53 



10115 



9513 



12544 



9803 



5.8 



5.4 



6.0 



5.4 



pp, A/secT 



69.5 



95.3 



A/sec. with polydispersities of about 15. 

inlet feed of a 20% solids novolak resin solution in 58% 



R= pump speed to the 
PGMEA/42% MeOH 



H= pump speed to the inlet feed of n-hexane 



10 



PD = Polydispersity = Mw/Mn 
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Example 3 

Another series of experiments was run acxording to the procedure of 
Example 2, where the temperature was held constant at SS'^C and the centrifuge 
rpm was maintained at 3500 rpm (-500 g force). In this series, the only variable 
5 was the composition of the novolak resin solution and the solvent where ethyl 

lactate (EL) was used as the photoresist solvent in place of PGMEA. The 
EL/MeOH ratio was held at 58/42%. Dissolution Rates (DR) ranging between 
about 30 and 190 A/sec. were obtained as compared to unfractionated resins that 
had a dissolution rate of about 300 A/sec. The results are shown in Table II 
10 below. 
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10 



lahleJI 



Trial 
1 



Tr,mp..°C 



10 



55 
40" 
35 
25 



BZH 



40 



25 
55 
25 



0.5 

oT 



55 



0.5 



11 



25 



1.25 



14 



15 



16 



25 
15 
35 



45 



55 



1.25 
IT 
TJ 



ED 



1,247 

10.169 
1368" 



1,728 



11,857 
11,340" 
Tl^ 
14^55" 



12,659 



11,980 



0.5 



0.5 



11,183 

T2;o3r 

11,688 



10,999 



13,862 



.8 



pp;, A/sec. 
"137:9 



9.3 



146.3 

TstJ 



149.6 



9.7 



9.6 



9:4 



9.0 



6.8 



159.2 



189.9 



127.4 



28.5 



M ^f«cUo„a..d con.ro, s.n,p. had a Mw of abou. 9000, a DR of about 300 
A/sec and a PD of about 15. 

K. p„„„ speed ,0 fte inie. feed of a 20% solids „ovo.ak res. soluUon in 58% 
EU42%MeOH 

H=pump speed to the inlet feed of n-hexane. 

fiyample4 

A „ovolak resin was syn*esi«d b, eond»sing pan. fonnaldebyde with a 
^ .f 5 .oies of —01, 4 .o,.s of pa^-cresot, and 2 »0>es of 
rt.eU,y. pheno, a. a ,a,io of abou. 0.7 n,o,es of fon„a.dehyde .0 . n,o.e of .o«. 



wo 00/33137 



-20. 



PCT/EP99/08391 



phenols. The reaction was run with oxalic acid catalyst. After reacting the 
mixture for about 4 hrs. at about 90-95°C, the mixture was distilled up to about 
200*^0 and then at 200°C with 25-30 mm Hg vacuum to remove luireacted cresols. 
The molten resin was poured into a crystallizing dish and allowed to cool. The 
solidified resin was broken up and powdered by grinding the resin with a mortar 
and pestle. 

A 20% solids solution of the above novolak resin was made by dissolving 
270 grams of the solid novolak resin in 875.5 grams of MeOH and 229.1 grams of 
EL. This solvent composition was 79.3% MeOH and 20.7% EL. To this solution, 
341.5 grams of deionized water was added and the mixture was fed through one 
inlet, at a rate of 200 milliliters (ml.) per minute at room temperature, into a 
CINC"'* model V-2 liquid/liquid centrifuge nmning at 4000 rpm (--600 g force). 
The mixture was efficiently separated into two distinct layers, the heavy layer 
containing one phase and the lighter layer containing two other phases, which are 
in a mixture. The lighter layer and the heavy layer were removed from the 
centrifuge through two separate outlet feeds, each at a rate of about 200 ml./min. 
The heavy layer was collected, and water was removed by vacuum distillation 
until the final solution was 30% solids in pure EL. 

Comparative dissolution rales (DR) were run in AZ® 300 MIF developer 
by the method described in example 2. A sample of unfractionated resin dissolved 
in ethyl lactate solution was compared to the resin obtained from the heavier phase 
of the phase separation. Whereas the unfractionated resin had a DR of 800 A/sec, 
the fractionated material had a DR of 60 A/sec, Molecular weights (Mw) by gel 
permeation chromatography (GPC) showed that the fractionated resin had an Mw 
of 5147 whereas the unfrractionated resin had a Mw of 2104. 

Example 5 

A 50 gram photoresist test sample was prepared for testing fractionated 
resin bom example 4 according to the following formulation: 



wo 00/33137 



-21 - 



PCT/EP99/08391 



20 
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30- 



NK-280 (a proprietary 2.1.5- diazor^aphthoquinone 
sulfonyl chloride based sensitizer from Nippon Zeon Co) 

NK-240 ( a proprietary 2.1,4-dia2onaphthoquinone 
sulfonyl chloride based sensitizer from Nippon Zeon Co.) 

Fractionated novolak Resin (lot# 68020, 30% solids in EL 
from Hoechst Celanese Corp.) 



2.02 gm 



0.84 gm 



22.58 gm 



10 B126X-SH porprietary speed enhancer resin available from 

' ^ 1 .20 gm 

Nippon Zeon Co. 



KP-34U a striation free surfactant 

from Shinetsu Chem. Co. (2% in Ethyl Lactate) 



0.004 gm 



A 17.15 gm 

.; Additional ethyl acetate added 



n-Butyl Acetate 



5.85 gm 



The phcoresis. ,esis, san,p,= was coa-ed o„ an HMDS primed siUcon 
«afer .o a 1.083 — er (.n.) fUrn Uucknes., a„<. wa. soft baked a> tor 
60 seconds on a ho. p.a.e. 11.= focus -Uix was printed on «,e coated 

wafers nsinga0.54NA NIKON. i-Unes.eppersndaNIKON*»so,».,ont«,ele. 

Xhc exposed wafers we. PBB (pos. exposure haked, a, UO-C for^s^r^J 
3„ Wne ho, pU.e. The waf^ were *e„ developed us.n, AZ» 300 
fTMAH tetran-emyl anunoniun, hydroxide - 2.38%) developer for 60 seconds a 
"^'^ developed wafers were examined usin. a HTTACHI. S-.000 SEM 
(3.^, elecron n— ,. A non^nal dose (Do. ro Pri.., DTP, was 
Leasur^l a. U» bes. focus by choosing .he exposure « which .he prin.ed fea^re 
„os.c,o»lyn.a.hed«.e„»s. feature size onlhedc^ioped SEM pho.o.Por^s 

^ .h. dose required to precisely replicate a given feautre was 290 
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millijoules/cm^ Resolution is the minimum feature size which can be 
discriminated (resolved) and was judged to be 0.32 \im. Depth of focus depth of 
focus is the range of usable focus at which nominal sizes can still be resolved. 
The depth of focus for the test resist was 1 .0 jim. 

5 

Example 6 

A novolak resin was synthesized by condensing para formaldehyde with a 
mixture of 5 moles of meta-cresol, 4 moles of para-cresol, and 2 moles of 2,3,5- 
trimethyl phenol at a ratio of about 0.7 moles of formaldehyde to 1 mole of total 

10 phenols . The reaction was run with oxalic acid catalyst. After reacting the 

mixtiu-e for about 4 hrs. at about 90-95°C, the mixture was distilled up to about 
200°C and then at 200*^0 with 25-30 nun Hg vacuum to remove unreacted cresols. 
The molten resin was poured into a crystallizing dish and allowed to cool. The 
solidified resin was broken up and powdered by grinding the resin with a mortar 

1 5 and pestle. 

A 30% solids solution of the resin was made by dissolving 240 grams of 
resin in 560 grams of ethyl lactate (EL). This solution was diluted to 20% solids 
by the addition of methanol (MeOH) such that the final solvent ratio was 58% EL 
to 42% MeOH. This solution was used as one inlet feed stream (R) with hexane 

20 as the other feed stream (H) using conditions similar to those found in example 2. 

The R/H ratio was maintained at 1/1 by rurming the respective feed pumps at the 
same rate 4 kgs./minute), the temperature was 40°C and the centrifuge spin 
speed was 3500 rpm. The heavy layer was distilled to remove residual MeOH and 
hexane and was concentrated to 26% solids. The dissolution rate (DR) was 

25 measured according to the procedure described in example 2. The fractionated 

resin of this example had a DR of about 270 A/sec. while the unfractionated resin 
had a DR of about 600 A/sec. 

Comparative dissolution rates (DR) were nm in AZ® 300 MIF developer 
by the method described in example 2. A sample of unfractionated resin dissolved 

30 in ethyl lactate solution was compared to the resin obtained from the heavier phase 

of the phase separation. Whereas the unfractionated resin had a DR of 800 A/sec., 
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the fractionated material had a DR of 60 A/sec. Molecular weights (Mw) by gel 
permeation chromatography (GPC) showed that the fractionated resin had an Mw 
of 6365 whereas the unfractionated resin had a Mw of 2860. 
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WHAT WE DESIRE TO CLAIM IS: 



1 A method for producing a film fonning novolak resin which comprises: 

a) condensing formaldehyde, para formaldehyde or formalin with one or 
more phenolic compounds, in the presence of an acid catalyst and thereby 
producing a novolak resin; 

b) adding a water soluble organic polar solvent and a photoresist solvent to 
the novolak resin reaction mixture from step a), at a ratio of photoresist 
solvent to water soluble organic polar solvent of from about 10/90 to 
70/30; 

c) feeding the mixture from step b) into a liquid/liquid centrifuge at a feed 
rate of from about 0.01 to 100 gallons per minute and at a temperature of 
from about 0°C up to a maximum temperature that is less than the boiling 
point of the lower boiling solvent in the mixture from step b) and feeding a 
substantially pure Cj-Cs alkane, water or aromatic hydrocarbon solvent 
into a separate liquid/liquid centrifuge inlet port through an inlet feed at a 
feed rate of from about 0.01 to 100 gal./min., at a ratio of water soluble 
organic polar solvent/photoresist solvent from step b) to C^-C^ alkane, 
water or aromatic solvent, of from about 5:1 to about 0.5:1; 

d) rotating the liquid/liquid centrifuge containing the mixtures from step c) at 
a speed of at least 500 rpm and thereby separating and collecting a two- 
phase system from 2 separate outlet ports, into two containers, wherein the 
heavier phase (H) contains the higher molecular weight novolak resin 
fraction, in the water soluble organic polar solvent and the photoresist 
solvent with a minor amount of the Cj-Cs alkane, water or aromatic 
hydrocarbon solvent, and the lighter phase (L) contains: 1) the lower 
molecular weight novolak resin fraction, 2) Cj-Cs alkane, water or 
aromatic hydrocarbon solvent, 3) water soluble organic polar solvent, and 
4) photoresist solvent; 

e) as the lighter phase (L) of the two-phase system of step d) is collected, it 
may separate into two phases, the lighter of these two second phases 
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containing the Q-C. alkane. water or the aromatic hydrocarbon solvent 
and a minor amount of the water soluble organic polar solvent and about 
15-20% of the photoresist solvent, the heavier of these two second phases 
containing low molecular weight novolak oligomers and unreacted 
phenolic compounds, dissolved in the water soluble organic polar solvent 
and the photoresist solvent with about 10-15% of the C,-C. alkane. water 
or aromatic hydrocarbon; 

substantially removing the residual Q-C, water or aromatic hydrocarbon 
solvent from the heavier phase from step d) and leaving the novolak resm 
dissolved in the photoresist solvent. 

The method of claim 1 wherein said acid catalyst is oxalic acid, maleic 
acid, maleic anhydride, sulfuric acid or p-toluene sulphonic acid. 

3 The method of claim 1 wherein the water soluble organic polar solvent 
added in step b) is acetone, d.methylformamide. dimethylsulfoxide, 
tetrahydrofuran. ethylene glycol or a C,-Q alkyl alcohol. 

4 The method of claim 1 wherein the photoresist solvent added in step b) is a 
.onooxymonocarboxylic acid ester, a propylene glycol methyl ether acetate. 2- 
heptanone or a propylene glycol methyl ether, or a mixture of one or more of 

these. 

5. The method claim 1 wherein aromatic hydrocarbon solvent added in step 
b) is benzene or a C.-C, alkyl benzene. 

6 The method of claim 1 wherein the ratio of photoresist solvent to water 
solubleorganic polar solvent added in stepb)is from aboutlO/90 to 70/30. 

7. Tbe method of claim 1 wherein the ratio of photoresist solvent to water 



2 



soluble organic 



polar solvent added in step b) is from about 30/70 to 60/40. 
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8. The method of claim 1 wherein the ratio of the mixture from step b) fed 
into the centifruge to the Q-Cg alkane, water or aromatic hydrocaibon solvent fed 
into the centifruge is from about 2:1 to about 1:0.75. 

9. The method of claim 1 wherein in step b) the materials are fed into the 
centrifuge at a temperature of from about 0°C to a temperature up to about 10°C 
less than the boiling point of the lower boiling solvent. 

10. The method of claim 1 wherein the centifruge is rotated at a speed of from 
about 500 to 50,000 rpm. 

1 1 . The method of claim 1 wherein the centifruge is rotated at a speed of frx)m 
about 1,000 to 30,000 rpm. 

12. A method for producing a positive photoresist composition using the resin 
solution of the instant invention comprising: 

a) condensing formaldehyde, para formaldehyde or formalin with one or 
more phenolic compounds, in the presence of an acid catalyst and thereby 
producing a novolak resin; 

b) adding a water soluble organic polar solvent and a photoresist solvent to 
the novolak resin reaction mixture from step a), at a ratio of photoresist 
solvent to water soluble organic polar solvent of from about 10/90 to 
70/30; 

c) feeding the mixture from step b) into a liquidAiquid centrifiige at a feed 
rate of from about 0.01 to 100 gallons per minute and at a temperature of 
from about 0°C up to a maximum temperature that is less than the boiling 
point of the lower boiling solvent in the mixture from step b) and feeding a 
substantially pure Ci-Cg alkane, water or aromatic hydrocarbon solvent 
into a separate liquid/liquid centriftige inlet port at a feed rate of from 
about 0.01 to 100 gaI7min., at a ratio of water soluble organic polar 



BNSDOCIO- <WO_0003137A2 J,; 



d) 



PCT/EP99/08391 

WO 00/33137 

-27- 

u\ 4^ r r alkane water or aromatic 
solvenl/pholoresia solvent from step b) to C-C, alHane, wa. 

solvent, of from about 5;1 10 about 0.5:1; 

rotating the U,uid/li,uid centrifuge containing the mixtures fiom step c) at 
a speed of at lea=» 500 .pm and thereby sepat^ting and collecdng a t«o- 
„^ system from 2 separate outlet ports, into two containers. *rein the 
heavier phase (H) contains a-e higher moleoular weigh, novola. re^n 
ftacio. in the water soluble organic polar solvent and the photorests, 
.olven, with a minor amount of the C,-A alkane, water or aromaUC 
Hydrocarbon solvent and the lighter phase (L) contains: 1) the lower 
rrrolecular weight novolak resin ^tion. 2) Q-C. allcane, water or 
^matic hyd^carbon solvent, 3) water soluble organic polar solven. and 

4) photoresist solvent; „ . j 

. the Ughter phase (L, of the two-phase system o, step d) .s col^. 

separate into two phases, the lighter of these .wo second pl»se 
containing the C^. -.ane, water or the aromatic hydrocarbon so v. 
^ a minor amount of the water soluble organic polar solvent and *out 

1 ♦ iipavier of these two second phases 
1 5-20% of the photoresist solvent, the heavier ol mes 

containing low molecular weight novolal. oligomer, and uur^e^ 
phenolic compounds, dissolved in Ore water soluble organrc poUr solv«,. 
Id the photoresist solvent with about 10-15% of the Q-C. aUcane, water 
or aromatic hydrocarbon; 

substantially removing the residua, Q-C. allcane, water .r ammaUc 
Mrocarbon solvent from the heavier phase from step d) and leavmg the 
novolak resin dissolved in fl.e photoresist solvent; 
providing an admixture of: 1) a photosensitive component in an amoun 
Lfl-rcient to photosensitize a photoresist composiUon; 2) are fihn formmg 
„„vo» resin solution from step 0; and 3) additional photoresist solvent. ,f 
„e«i^. to provide the desired fonnulation. aud thereby formmg a 
photoresist composition. 



e) 



g) 



I 
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13. Hie method of claim 12 wherein said acid catalyst is oxalic acid, maleic 
acid, maleic anhydride, sulfuric acid, or p-toluene sulphonic acid. 

14. The method of claim 12 wherein the water soluble organic polar solvent 
added in step b) is acetone, dimethylformamide, dimethylsulfoxide, 
tetrahydrofiiran, ethylene glycol or a CrCj alkyl alcohol. 

1 5. The method of claim 12 wherein the photoresist solvent added in step b) is 
a monooxymonocarboxylic acid ester, a propylene glycol methyl ether acetate, 2- 
heptanone or a propylene glycol methyl ether, or a mixture of one or more of 
these. 

16. The method claim 12 wherein aromatic hydrocarbon solvent added in step 
c) is benzene or a C,-C5 alkyl benzene. 

17. The method of claim 12 wherein the ratio of photoresist solvent to water 
soluble organic polar solvent added in step b) is from about 10/90 to 70/30. 

18. The method of claim 12 wherein the ratio of photoresist solvent to water 
soluble organic polar solvent added in step b) is from about 30/70 to 60/40. 

19. The method of claim 12 wherein the ratio of the mixture from step b) fed 
into the centifruge to the Cj-Cg alkane, water or aromatic hydrocarbon solvent fed 
into the centifruge is from about 2:1 to about 1:0.75. 

20. The method of claim 12 wherein the in step b) the materials are fed into 
the centifruge at a temperature of from about O^C to a temperature up to about 
10°C less than the boiling point of the lower boiling solvent. 

21. The method of claim 12 wherein the centifruge is rotated at a speed of 
from about 500 to 50,000 rpm. 
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22. The method of claim 12 wherein the centifiruge is rotated at a speed of 
from about 1,000 to 30,000 ipm. 

23 A method for producing a semiconductor device by producing a photo- 
in^age on a substrate by coating a suitable substrate with a positive working 

photoresist composition comprising: 

a) condensing formaldehyde, para formaldehyde or fonnalin with one or 
more phenolic compounds, in the presence of an acid catalyst and thereby 
producing a novolak resin; 

b) adding a water soluble organic polar solvent and a photoresist solvent to 
the novolak resin reaction mixture from step a), at a ratio of photoresist 
solvem to water soluble organic polar solvent of from about 10/90 to 
70/30; 

feeding the mixture from step b) into a liquid/liquid centrifuge at a feed 
rate of from about 0.01 to 100 gallons per minute and at a temperature of 
from about 0«C up to a maximum temperature that is less than the boiling 
point of the lower boiling solvent in the mixture from step bO and feeding 
a substantially pu,^ Q-C. alkane. water or aromatic hydrocarbon solvent 
into a separate liquid/liquid centrifuge inlet port at a feed rate of from 
about 0.01 to 100 gaUmin., at a ratio of water soluble organic polar 
solvent/photoresist solvent from step b) to C,-C. alkane. water or aromatic 
solvent, of from about 5:1 to about 0.5:1; 
d) rotating the liquid/liquid centrifiige containing the mixtures from step c) at 
a speed of at least 500 ipm and thereby separating and collecting a two- 
phase system from 2 separate outlet ports, into two containers, wherein the 
heavier phase (H) contains the higher molecular weight novolak resin 
fraction, in the water soluble organic polar solvent and the photoresist 
solvent with a minor amount of the Q-C, alkane, water or aromatic 
hydrocarbon solvent, and the lighter phase (L) contains: 1) the lower 
molecular weight novolak resin fraction, 2) C,-C. alkane. water or 
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aromatic hydrocarbon solvent, 3) water soluble organic polar solvent, and 
4) photoresist solvent; 

as the lighter phase (L) of the two-phase system of step d) is collected, it 
may separate into two phases, the lighter of these two second phases 
containing the Cj-Cg alkane, water or the aromatic hydrocarbon solvent 
and a minor amount of the water soluble organic polar solvent and about 
15-20% of the photoresist solvent, the heavier of these two second phases 
containing low molecular weight novolak oligomers and unreacted 
phenolic compounds, dissolved in the water soluble organic polar solvent 
and the photoresist solvent with about 10-15% of the Cj-Cg alkane, water 
or aromatic hydrocarbon; 

substantially removing the residual Cj-Cg alkane, water or aromatic 
hydrocarbon solvent from the heavier phase from step d) and leaving the 
novolak resin dissolved in the photoresist solvent; 

providing an admixture of: 1) a photosensitive component in an amount 
sufficient to photosensitize solvent a photoresist composition, 2) the 
novolak resin solution from step g); 

coating a suitable substrate with the photoresist composition of step g); 
heat treating the coated substrate of step h) until substantially all of the 
photoresist solvent is removed; image-wise exposing the photosensitive 
composition and removing the image-wise exposed areas of such 
composition with a suitable developer. 



24. The method of claim 23 wherein the acid catalyst is oxalic acid, maleic 
acid, maleic anhydride, sulfuric acid, or p-toluene sulphonic acid. 

25. The method of claim 23 wherein the water soluble organic polar solvent 
added in step b) is acetone, dimethylformamide, dimethylsulfoxide, 
tetrahydroftiran, ethylene glycol or a C^C^ alkyl alcohol. 



PCT/EP99/08391 

WO 00/33137 

-31 - 

Th= n,c*od of c,»» 23 wh»ein «,e phoresis. soWen. »ddcd in b, is 
Loox^onocaAoxylic ^ ester, a propylene giyco, n,e«,„ e«.e, aoe.«, 2- 
iZne" a prop.e„e ..,oo> .cM e*=r, or a .ni«« of one or ^ T 

these, 

„. ^erhoa Cain. « «i«ei„ ar^nanc hydroca^on soiven, added in s,ep 

b) is benzene or a C,-C, alkyl benzene. 

„ The method of eiaim 23 wherein ibe ratio of phororesis. solvent to water 
l,eoUpo,.s„.ve„.3ddoain.epb>is.o.nabo„.,«.„.0«0. 

_ The ntethod of eiairn 23 Wherein, he raUo of photoreststsoiventto water 

!l,eorsanicpo,arso.ventaddedinstepb,is.on,abo„.30n0.oe0«0. 

30 . Then,e,hodofc,ain,23whe,ei„.hera,ioof.hemix.„efto,ns.^b)M 
. ■l.hecenti^.etotheC.-C.ai.ane.wateroraron.at.chyd^ca.onsoiventfed 

into the centifruge is from abont 2:1 to about 1:0.75. 

3, T.e method of elain, 23 whe.in in step b, the mateHals are fed^mto 
.entifruge at a temperature of from about O'C ,0 a temperature up to about 
less than the boiling point of the lower boilmg solvent. 

3,. The method of claim 23 wherem the centifruge is rotated a. a speed of 
4om about 500 to 50,000 rpm. 

33. TTC method of claim 23 wherein the centifruge is rotated at . speed of 
from about 1,000 to 30,000 rpm. 
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